TGF-β inhibits osteogenesis by upregulating the expression of ubiquitin ligase SMURF1 via MAPK-ERK signaling.
High incidence of osteoporotic fractures emphasizes the necessity of developing effective measures to promote osteogenesis. In our study, we investigated a possible role of MAPK-ERK signaling in the TGF-β-mediated osteoblastic differentiation. Our results indicated that TGF-β activated the MAPK-ERK pathway and inhibited osteogenesis in mesenchymal pluripotent cell line, C3H10T1/2, and preosteoblastic cell line, MC3T3 cells. And the downregulation of MAPK-ERK signaling using pharmacological inhibitor U0126 and RNA interference rescued osteoblast differentiation suppressed by TGF-β, which was confirmed by Alkaline phosphatase (ALP) staining and alizarrn red staining, and the enhanced expression of osteogenesic markers. Western blotting analysis indicated that TGF-β induced protein expression of E3 ubiquitin-protein ligase SMURF1, which contributed to the degradation of RUNX2 and SMAD1 as evidenced by SMURF1 inhibition using RNA interference and proteasome inhibitor MG132. Moreover, we observed that the expression of SMURF1 was decreased, while that of SMAD1 and RUNX2 increased by MAPK-ERK inhibitor U0126 in TGF-β-treated differentiating preosteoblasts, suggesting that MAPK-ERK regulated the transcription of osteogenesis-related genes. Furthermore, a synergistic effect between U0126 and bone morphogenic protein (BMP)-2 on osteoblast differentiation and bone formation was observed both in cell cultures and experimental animals. In conclusion, our results revealed that TGF-β inhibited osteoblastic differentiation by inducing the MAPK-ERK pathway which upregulated the expression of ubiquitin ligase SMURF1 and resulted in reduced presence of osteogenic proteins. In addition, the potentiation of BMP-2 on osteogenic activity by ERK1/2 inhibitor U0126 suggests that it may have potential clinical utility for promoting osteogenesis in bone fracture repair.